Abstract: This Paper deals with the polycondensation between a chiral diacyl chloride (2-(N,N'-pyromelliticdiimido)-bis-propanoic acid chloride (4)) and polyethyleneglycol-diol (PEG-200) and/or three synthetic aromatic diols. The corresponding new PEIs and Co-PEIs which have been obtained in quantitative yields are soluble in polar aprotic solvents, have good thermal stability and optical activity.
Introduction
Due to the increasing demands for high-performance polymers as a replacement for ceramics or metals in the microelectronic, aerospace and automotive industries, thermally stable polymers have received much interest over the past decade. Polyimides and their copolymers are certainly one of the most useful classes of highperformance polymers, which have found many applications in industries [1] [2] . Aromatic polyimides are an important class of heterocyclic polymers with remarkable heat resistance, superior mechanical and electrical properties, and also durability [3] [4] [5] . Poor thermoplastic fluidity and solubility are the major problems in wide application of polyimides. This makes it impossible for most polyimides to be directly processed and restrict their applications in some fields. Processable engineering plastics possessing moderately high softening temperatures and/or solubility in some organic solvents are required for practical use. Therefore, various efforts have been focused on the preparation of soluble and/or thermoplastic polyimides, while still maintaining their excellent thermal and mechanical properties. Typical approaches have been employed to improve the processability of these polyimides, including the incorporation of flexible links [6] , bulky pendant or cardo groups [7] , kinked or unsymmetrical structures [8] , and spiro-skeletons [9] into the polymer chain. These modifications lower the melting temperature and lead to soluble and amorphous polymers. In general, amorphous polymers have lower softening temperature (T g ) with respect to their crystalline analogues. Some of the block copolymers composed of polyethers and polyamides have already been commercialized as thermoplastic elastomers [10] . A number of synthetic routes for polyether-polyimide block copolymers have been known [11] . Ether linkages inserted in the main chains provide them lower energy of internal rotation.
The synthesis and application of optically active polymers are the newly considerable topics which were paid more attention recently [12] . Most of the natural polymers are optically active and have special chemical activities, such as catalytic properties that exist in genes, proteins and enzymes. Some other applications are construction of chiral media for asymmetric synthesis, chiral stationary phases for resolution of enantiomers in chromatographic techniques [13] [14] [15] , chiral liquid crystals in ferroelectrics and nonlinear optical devices [16] [17] [18] . These synthetic polymers based on optically pure amino acids can induce crystallinity with their ability to form higher ordered structures that exhibit enhanced solubility characteristics [19] . These properties have caused them to be good candidate for drug delivery systems, biomimetic systems, biodegradable macromolecules, biomaterials, and also as chiral purification media [20] . So, more considerations to improve different synthetic procedures of optically active polymers exist. Recently, we have synthesized optically active polymers by different methods [21, 22] . These polymers can potentially be photolabile (PEI 2 and Co-PEI 5 ). The photolabile polymers are potentially able to be used as affinity columns for protein purification [23] . The outstanding characteristics of these polymers include thermal stability, good solubility, optical activity and potentially photolabile.
Here we have also investigated the effect of different reaction conditions such as solvent, acid scavenger, reaction temperature, and time on optical activity and viscosity of polymers.
Results and discussion
We synthesized the diimide-diacid [2-(N,N'-pyromelliticdiimido)-bis-propanoic acid (3)] by the condensation of pyromellitic dianhydride (1) with L-alanine (2) (1/2 molar ratio) in refluxing acetic acid/pyridine (3/2). The gummy layer breaks by adding concentrated HCl to give a white solid (Scheme 1). (3) showed the corresponding peaks which confirm its chemical structure (Fig 1) . The diacyl chloride formation was completed after refluxing the diacid with excess of thionyl chloride for 2 h. DMF plays a catalytic role in this reaction. The diacyl chloride (4) decomposes on heating at 150 ο C; its mass spectrum (EI technique) did not show the molecular ion peak, but some fragments have been detected. Diol 7 was prepared as mentioned in the experimental part. The dark purple solids turned to white needle crystals after recrystallization from EtOH (Scheme 2).
Fig. 1.
1 H NMR spectrum of diacid (3). In the preparation of diols 5 and 6 after stirring at r.t. for 2 h the corresponding amic acids formed which turned to the corresponding imide rings after refluxing for 10 h. These diols are yellow powders which show high melting points, low solubility, and very low vapor pressure so that we could not run their mass spectra by EI technique. 
n n n Scheme 3. The synthesis of PEIs (8) (9) (10) .
Scheme 4. The synthesis of Co-PEIs (11-13).
The PEIs (8-10) and Co-PEIs (11-13) were synthesized by polycondensation using pyridine as catalyst in NMP under N 2 atmosphere (Scheme 3 and 4).
Some physical properties of these novel optically active PEIs and Co-PEIs are given in Table 1 . The entire polycondensation readily proceeded in a homogeneous solution. Tough and stringy precipitates formed when the viscous polymer solutions were trickled into the stirred methanol. All polymers were obtained in good yields with moderate inherent viscosities (0.15-0.38 dl g -1 ) and showed good optical rotation. Since the diacyl chloride (4) was sensitive to high temperature (decomposes at 150 ο C), we run the reaction at lower temperature and then raised the temperature to 120 ο C. The best condition for the synthesis of PEIs at which the maximum inherent viscosity is seen, has been found to be as follows: pyridine as catalyst and acid scavenger; NMP as solvent; time/temperature program (2 h/100 ο C then 10 h/120 ο C). The best condition for the synthesis of Co-PEIs at which the maximum inherent viscosity is seen, has been found to be as follows: pyridine as catalyst and acid scavenger; NMP as solvent; time/temperature program (2 h/40 ο C, 5 h/40 ο C and then 10 h/120 ο C). Indeed there is different reactivity for diols and diphenols; we have used different time/temperature program in Co-PEIs synthesis. Freshly prepared diacid choloride (4) and dried solvent result in higher yield and viscosity.
The formation of PEIs and Co-PEIs was confirmed by 1 H NMR and IR spectroscopy and also elemental analysis. As an example, the IR of Co-PEI 13 showed the C=O asymmetric stretching of imide group at 1780 cm -1 , the C=O symmetric stretching of imide and ester groups at 1725 cm -1 , C-N stretching at 1380 cm -1 , C-O-C stretching at 1280-1030 cm -1 . All of these PEIs and Co-PEIs exhibited strong absorption at 1380 and 720 cm -1 , which shows the presence of the heterocyclic imide groups. We have taken the 1 H NMR spectra of the polymers, but as it is presented in Figure 4 , the peaks are broad and so complicated to be interpreted, so we did not present their data in the experimental part. As an example the 1 H NMR spectrum of PEI 10 is presented in Figure 4 which shows the peaks in accordance with its chemical structure. The elemental analyses results are also in good agreement with calculated percentages in the polymer repeating units. The colors of these polymers range from white-gray to pale green. Their solubility was tested qualitatively in various solvents and the results are summarized in Table 3 . 
: ++, soluble at room temperature; +, partially soluble at room temperature; -, insoluble.
Having soft segments in the polymer backbone will increase the solubility. All of the Co-PEIs are soluble in polar aprotic solvents such as DMF, DMAc, DMSO, NMP and also H 2 SO 4 at room temperature. They are insoluble in solvents, such as chloroform, methylene chloride, methanol, ethanol and water. These polymers showed good optical activity. As the regularity of the pendant group at the chiral center contribute to the chemistry of the obtained polymers, the different spacial orientation at chiral centers in PEIs and also in Co-PEIs can contribute to their chirality and specific rotation. Theoretical calculation with Gaussian software (MP2 program) indicated that the imidic ring is planar with bond angles of 120º, so there is no pyramidal shape and the single N-C (chiral center) bond can rotate to cause mixture of special isomers. It is worth to know that using Et 3 N as an acid scavenger and a catalyst with aliphatic acid chlorides with alpha hydrogen can cause ketene formation which causes racemization at chiral center. However by using pyridine the racemization cannot occur and the configuration in polymer in chiral centers are the same as starting amino acid. The thermal properties of PEIs and Co-PEIs were evaluated by means of TGA/DTG (under air atmosphere) and DSC (under nitrogen atmosphere). Table 4 summarizes the thermal properties of them. These polymers exhibited good resistance to thermal decomposition. The temperature of 10% weight loss for these polymers ranged from 365 ο C to 430 ο C and the residual weight for these polymers at 600 ο C ranged from 0.0% to 2.0% under air atmosphere. TGA/DTG thermogram of PEI 10 and TGA/DTG and DSC thermograms of Co-PEI 13 are in Figure 5 . DSC thermogram of PEI 10 did not show a clear T g , but in Co-PEI 13 DSC thermogram a clear T g value of about 180 ο C is seen; this can be due to the soft segment in the polymer backbone which cause an increase in phase separation. 2-(N,N'-Pyromelliticdiimido)-bis-propanoic acid (3) was prepared from pyromellitic dianhydride and L-alanine following the procedure described in our previous work [24] -Synthesis of 2-(N,N'-pyromellitic diimido)-bis-propanoic acid chloride (4)
Tab. 4.

Conclusions
Diacid chloride 4 was prepared by treating diacid 3 with thionyl chloride [24] . Yield: 96.0% of white crystals. dp: 150 ο C. Into a 50 ml round bottom flask, 3.20 g (0.02 mol) of 2,7-naphthalene diol, 15 ml (0.01 mol) of glyoxal (30%) and 15 ml of AcOH were placed. To the stirring mixture, 4 ml of H 2 SO 4 (Conc.) was added dropwise. It was stirred for 24 h and then poured into water to precipitate. After recrystalization from EtOH and drying at 70 ο C, 2.55 g (74%) of white diol (7) 
Polymerization
-Synthesis of polymers
The PEIs (8, 9 , and 10) were prepared with the following general procedure: General procedure for polymerization of PEI 8 : A three neck round bottom flask equipped with a magnetic stirrer, a reflux condenser, and a nitrogen inlet tube was charged with diol 5 (0.400 g, 1 mmol), a small catalytic amount of pyridine and NMP (5 ml). The mixture was stirred at 100 ο C and a solution of diacid chloride (4) (0.397g, 1 mmol) in NMP (5 ml) was added dropwise through a dropping funnel in a period of 30 min. The mixture was stirred and heated under nitrogen atmosphere in an oil bath at 100 ο C for 2 h, and then at 120 ο C for 10 h. The viscous reaction mixture was poured into 40 ml of MeOH. The solid was collected by filtration, and dried at 80 ο C for 10 h under vacuum to leave 0.400 g (55%) of white-gray PEI 8 The other PEIs (9, 10) were prepared by the same procedure using the appropriate diols. The physical properties are listed in Table 1 -Synthesis of copolymers
The Co-PEIs (11, 12, and 13) were prepared with the following procedure.
General procedure for polymerization of Co-PEI 11 : A three neck round bottom flask equipped with a magnetic stirrer, a reflux condenser, and a nitrogen inlet tube was charged with polyethyleneglycol-diol (PEG-200) (0.100 g, 0.5 mmol), a small catalytic amount of pyridine, diacyl chloride (4) (0.397g, 1 mmol) and NMP (5 ml). The mixture was stirred at 40 ο C for 2 h, and then a solution of diol 5 (0.200 g, 0.5 mmol) in NMP (5 ml) was added dropwise through a dropping funnel in a period of 30 min. The mixture was stirred and heated under nitrogen atmosphere in an oil bath at 40 ο C for 5 h, then at 120 ο C for 10 h. The viscous reaction mixture was poured into 40 ml of MeOH to precipitate. It was dried at 80 ο C for 10 h under vacuum to leave 0.390 g (65%) of white-gray Co-PEI 11 . The other Co-PEIs (12, 13) were prepared by the same procedure using the appropriate diols. The physical properties are in Table 1 . 
Co
